Introduction
Essential trigeminal neuralgia due to vasculonervous conflict is a frequent painful disorder with an incidence rate of five for 100,000 people per year [1, 2] . They most commonly involve the superior cerebellar artery, in 75% of cases, the anterior inferior cerebellar artery, in 10%, or a vein, in 7% [3] . However, compressions by vertebrobasilar artery dolichoectasia are rare, ranging from 2 to 2.4% of cases in most studies (cf. Table 1 ). In our hospital, among 215 consecutive patients treated for trigeminal neuralgia, only three presented vertebrobasilar dolichoectasia (1.4%).
Although first-line treatment is medical, involving carbamazepine or other anticonvulsants, trigeminal neuralgia is widely treated by microsurgical decompression of the nerve [21] . We noticed that, in daily practice, surgery is less frequently proposed when a dolichoectatic vertebrobasilar artery is involved, because of technical complexity and possibly higher complication rate.
We report three cases of patients who underwent microsurgical decompression for trigeminal neuralgia secondary to compression by a basilar artery dolichoectasia, review all published cases, and discuss the main aspects of these specific cases.
Case reports and technical microsurgical description
Case 1 A 59-year-old man had a two-year history of rightsided facial pain, affecting mainly the maxillary territory (V2) and radiating to the mandibular (V3) territory. The episodes were described as very intense and triggered by touching the right lip or shaving. After 6 months of interruption, the pain reappeared stronger. Patient's past medical history included sleep apnea syndrome and appendectomy. Dental examination was normal, as well as neurological examination and routine blood tests (basic metabolic panel and complete blood count). Pain was relieved by a treatment combining carbamazepine (400 mg per day), baclofen (30 mg per day), gabapentin (1200 mg per day), and paracetamol (4 g per day). However, pain resumed every time the treatment was reduced. Transcutaneous electrical nerve stimulation had a partial and limited efficacy over time. Brain magnetic resonance imaging (MRI) showed dolichoectatic right vertebral and basilar arteries. The basilar artery compressed the fifth nerve at the trigeminal root entry zone (TREZ) and its proximal segment from the inside.
Surgical decompression was proposed because medication was poorly tolerated. A right retrosigmoid approach was performed with cerebellopontine angle and trigeminal nerve exposure. Arachnoid dissection revealed the basilar artery compressing the right anterolateral region of brainstem and the TREZ. Microvascular decompression was performed by placing pieces of Dacron and Teflon between the artery and Table 1 Cases of trigeminal neuralgia secondary to compression by a dolichoectatic vertebrobasilar artery [4, 5, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] NR not reported nervous structures. The basilar artery left an imprint on trigeminal nerve, which corresponds to a grade III compression according to Sindou et al. [1] . Immediately after surgery, pain attacks resolved completely. Moderate right facial palsy was observed and recovered completely on day 4. Right abducens palsy without diplopia was observed and partially resolved on day 4. No other adverse events occurred. During hospital stay, high blood pressure was discovered and treated. The patient was discharged on day 4 after surgery.
Seven weeks after surgery, the patient was seen in consultation and had still no pain, despite the halving of its drug treatment. The right sixth and seventh nerves palsies had resolved completely. Numbness of the right upper lip and the right side of the tongue was found on neurological examination, although the patient had not noticed it. There was no hearing loss, dizziness, other neurological sign, or cerebrospinal fluid (CSF) leak. Medication was completely and definitively stopped within the four following weeks without any pain recurrence after 2 years.
Case 2 A 74-year-old man had an 8-month history of right facial pain affecting the maxillary branch (V2) of trigeminal nerve. Episodes of pain were triggered by touching the right nasolabial sulcus or mastication. Patient's past medical history included bilateral presbycusis and high blood pressure. Neurological examination was normal. Treatment based on carbamazepine (750 mg per day) was efficacious, but poorly tolerated (drowsiness). Brain MRI showed a dolichoectatic basilar artery compressing the right fifth nerve at the TREZ. The right superior cerebellar artery also pressed on the proximal portion of fifth nerve.
Surgical decompression was proposed because medication was poorly tolerated. A right retrosigmoid approach was performed, and arachnoid dissection revealed the dolichoectatic basilar artery compressing the brainstem and the right TREZ and the superior cerebellar artery compressing the trigeminal nerve proximally. First, the superior cerebellar artery was separated from the fifth nerve by placing pieces of Teflon. Secondly, brainstem decompression was performed by placing pieces of Dacron and Teflon between the basilar artery and the brainstem. The vascular compression left an imprint on trigeminal nerve, which corresponds to a grade III compression according to Sindou [1] . Abducens nerve had to be manipulated during the surgery to gain access to the compression site.
Trigeminal neuralgia resolved completely after surgery, including both pain attacks and permanent discomfort. Neurological examination showed right sixth nerve palsy with diplopia, which was treated by a short course of steroids starting at 100 mg per day, together with orthoptics. No other adverse event occurred. The patient was discharged on day 6 after surgery.
Six weeks after surgery, the patient had still no pain, despite analgesic medication completely stopped. Diplopia improved but he developed mild vertigo, which was managed by vestibular rehabilitation, persisting after 9 months. There was no hearing loss, hypoesthesia, facial palsy, other neurological sign, or CSF leak. The pain did not recur after 2 years.
Case 3 A 57-year-old man with no past medical history presented with a 14-year history of left-sided trigeminal neuralgia. He was treated with carbamazepine (400 mg per day) and clonazepam, without complete pain relief. Preoperative clinical examination revealed isolated left facial hypersensitivity. Brain MRI showed voluminous bilateral vertebral arteries with a basilar dolichoectasia compressing the left TREZ and trigeminal nerve. Surgical decompression was proposed because medication did not relieve the pain.
A left retrosigmoid approach was performed, revealing the right vertebral artery and the dolichoectatic basilar artery compressing the brainstem and the left TREZ, alongside with the left superior cerebellar artery compressing the trigeminal nerve more distally. Both conflicts were released by pieces of Dacron and Teflon. The vascular compression left an imprint on trigeminal nerve. Surgical approach is shown in Fig. 1 .
Trigeminal neuralgia and facial hypersensitivity resolved completely after surgery. The patient presented parotiditis which was treated with antibiotics, and there was no adverse effect of surgery. He was discharged on day 7.
Six weeks after surgery, the patient had no more neuralgia, he was still taking carbamazepine and clonazepam, which were stopped progressively, and neurological examination was completely normal. The pain did not recur after 1 year.
Discussion Population
Overall, essential trigeminal neuralgia concerns 64% females of mean age 67 with past history of hypertension [22] . Regarding trigeminal nerve compression by a vertebrobasilar artery dolichoectasia, literature data show that patients are rather males, 66-years old in average, and often hypertensive. This is probably because male sex, aging, and hypertension are risk factors for developing dolichoectatic vessels [4] . The review of the 143 previously published cases is presented in Table 1 .
Overall, 62% of trigeminal nerve compression by a vessel are right-sided [1, 22] . On the opposite, compressions by dolichoectatic vertebrobasilar arteries are more frequent on the left side (63%). The left-sided predominance may be explained by the fact that the left vertebral artery is dominant in most patients, as first described by Meckel and confirmed by vascular imaging [2, 23, 24] . Therefore, because of this asymmetry and hemodynamic factors, the vertebral artery and vertebrobasilar junction can be in conflict with the trigeminal nerve more often on the left than on the right side [4] . It has even been suggested that in some cases, left-sided vertebrobasilar compression might contribute to medullary compression, leading to hypertension and atherosclerotic modifications [25] .
Imaging diagnosis
Diagnosing trigeminal nerve compression is a central step before even proposing microsurgical decompression, based on brain MRI with 3D-FIESTA (T2-weighted MRI) and 3D-FSPGR, 3D-TOF or angio-MRI (contrast-enhanced T1-weighted MRI). The first sequence gives detailed images of the cranial nerves and vascular structures contrasted with CSF. The others show vascular structures in hypersignal and therefore differentiate the vessels from the cranial nerves [5, 20, [26] [27] [28] . Compressions of the trigeminal nerve can usually be seen on axial view after reconstruction based on native imaging [29] . The correlation study between imaging data and intraoperative anatomical findings showed a sensitivity of MRI of 97% and a specificity of 100%. In addition, it can specify the type and the degree of the compression [27, 28] . A dolichoectatic artery is defined by a diameter >4.5 mm at any location along its course. If the basilar top is above the plane of the suprasellar cistern or if any portion is lateral to the clivus or dorsum sellae, elongation is considered to be present [30] .
A compression involving a dolichoectatic vertebrobasilar artery was diagnosed on preoperative MRI in all cases reported in the literature as in ours. However, it is interesting to mention that in our cases, brain MRI was initially reported as normal, before the conflict was highlighted by a second exam performed by a trained neuroradiologist. Thus, vasculonervous conflict at the origin of essential trigeminal neuralgia is currently underdiagnosed due to the low quality of MRI, the lack of experience of radiologists, and the small size of the compression, especially in case of unusual location.
In 25 to 50% of patients, the vessel presses on the TREZ rather than on the nerve itself, which is only stretched away by the conflict [2] . In our cases, the dolichoectatic basilar artery mainly touched the TREZ or only the proximal portion of trigeminal nerve. Therefore, expert neuroradiological and neurosurgical advices are required before any definitive conclusion is drawn on the diagnosis of trigeminal neuralgia secondary to vasculonervous conflict.
Treatment and technique of microsurgical decompression
When a vasculonervous conflict is highlighted by brain MRI and the pharmacological treatment is not effective or not well tolerated, surgical decompression should be considered. Thus, surgical decompression is a second-line therapeutic strategy, along with other less invasive but less effective techniques such as thermocoagulation of Gasser ganglion, balloon compression, or radiosurgery. The classical microsurgical technique of decompression has been first described by Jannetta in 1967 [31] and then frequently modified [25, 31] . The objective of this procedure is to isolate the nerve from the vessel, by accessing the area of the compression through a suboccipital approach and placing a piece of material between the vessel and the nerve.
When the artery involved is a dolichoectatic vertebrobasilar artery, the usual procedure is technically more difficult and has to be adapted. Dolichoectatic arteries are atherosclerotic, tortuous, voluminous, stiff, and therefore almost impossible to shift from their original position. It is also frequent to find small arterial divisions that keep the main artery in its position. Instead of being shifted away from trigeminal nerve, the artery has to be isolated, for instance with pieces of Dacron or Teflon. The stiffer the vessel, the higher the risk of damaging the nerve or causing the migration of micro-emboli.
When the vertebrobasilar artery is involved, it can be associated with compression by other vessels in 74% of cases [4] . A common finding is an upward elevation of the TREZ by the vertebrobasilar artery, forcing it to impinge on the superior cerebellar artery or a rostral vein so that the nerve was ultimately compressed by a Bvessel sandwich^ [4] . We found this situation in two of our cases: the offending vessel was the dolichoectatic basilar artery with other compression by the superior cerebellar artery.
When multiple compressions are identified, all of them must be relieved during the surgery, as it is not possible to determine which one is causing the pain. This situation shows similarities with the case of hemifacial spasm, in which each compression is responsible for a part of the nervous disorder and has to be treated as such [32] . In surgical decompression of facial nerve, nervous activity can be monitored during the operation by electrophysiological testing [33] , which is less commonly used in case of essential trigeminal neuralgia.
Surgical results
Microvascular decompression immediately relieves pain in 90% of cases and remains efficient after 15 years in 75% of cases [2] . The specific efficacy of the procedure in the case of dolichoectatic basilar arteries has not been evaluated. Overall, neurological complications of microvascular decompression are hypoesthesia (0-10%), hearing impairment (0.8-4.5%), ataxia (0.2-2.7%), facial palsy (0-1%), and diplopia secondary to sixth nerve palsy (0.5-1%) [34] . CSF leakage occurs in 2-17% and is usually transient.
In the literature, the rate of adverse events is higher in case of vertebrobasilar artery compression, regarding hypoesthesia (41%), diplopia (23%), or hearing impairment (13%), with only isolated cases of facial palsy, facial spasm, paresthesia, and mild ataxia. All these symptoms were sometimes irreversible, excepting diplopia which was always described as transient. In our cases, one patient had transient sixth nerve palsy without diplopia, transient facial palsy, and hypoesthesia, and one had mild persistent ataxia and mild diplopia. None of them had CSF leakage or other general complication.
The higher rate of neurological complications in the case of compression by a vertebrobasilar artery dolichoectasia may be explained by the stiffness and size of the vessel, which makes it more difficult to remove without damaging the surrounding structures. Thus, this type of compression is definitively technically more complex than compression by other vessels.
Conclusion
Vascular compression is a frequent and treatable cause of essential trigeminal neuralgia. Even in the rare and complex case of a dolichoectatic vertebrobasilar artery, microsurgical decompression is an effective therapeutic option for patients who do not respond to medication. Preoperative MRI of good quality is mandatory to correctly identify the neurovascular conflicts and should be interpreted by an experienced radiologist or neurosurgeon before ruling out the possibility of a surgical cure.
